INTRODUCTION
THE problem of comparing the adaptedness, or fitness, of populations in different environments has in recent years attracted the attention of several investigators. In Drosophila, estimates of relative fitness of populations have been attempted by comparing the fecundity (Wallace, 1959) , the size of the flies and the biomass produced per unit of food (Beardmore, Dobzhansky and Pavlovsky, 1960; Battaglia and Smith, 1961; Strickberger, 1963a; Ayala, 1965a, b) and the competitive ability against indicator species (Barker, 1963 (Barker, , 1965 Strickberger, i963b). A statistic called "the innate capacity for increase" (Andrewartha and Birch, 1954) , which estimates the geometric rate of increase in numbers at optimal density with all other environmental factors defined, has been introduced as a most useful measure to compare the fitnesses of different populations. Calculating the value of the innate capacity fbr increase, Tm, Birch, Dobzhansky, Elliott and Lewontin (1963) found significant differences between five geographically separated populations of Drosophila serrata. Dobzhansky, Lewontin and Pavlovsky (1964) made comparisons of Tm among ten Drosophila pseudoobscura experimental populations which differed in chromosomal composition; they found differences between some of the populations, in addition to a strong effect of temperatures (i6° vs. 25° C.).
The experiments of Dobzhansky, Lewontin and Pavlovsky were deliberately made under conditions which deviated from possible optimal ones. They utilised flies which developed under conditions of severe competition and crowding in population cages, since their purpose was to investigate the capacities for increase in populations just released from environmental constraints. The purpose of the present study is, on the contrary, to estimate values of Tm close to their possible maxima. The conditions of food and temperature were hence made as close to optimal as practicable. An experiment at suboptimal food conditions was run for comparison. Chromosomally monomorphic and polymorphic populations were compared.
MATERIALS AND TECHNIQUES
Drosophila pseudoobscura populations with different gene arrangements in the third chromosomes were chosen. Balanced polymorphism for these gene arrangements are commonly observed in natural populations, and much analytical work relevant to the present study is published.
Two monomorphic and four polymorphic populations were used. Their progenitors were derived from flies collected at Pinon Flat, California. Two populations polymorphic for AR or CH gene arrangement, a monomorphic AR population and a monomorphic CH population, were prepared by intercrossing all the AR or CH strains (twelve each). The two polymorphic populations were identical in chromosomal constitution but different in the origin of their cytoplasm, since one was Tests indicated that the 8 per cent. dry yeast medium was almost equivalent to the 20 per cent. fresh yeast medium and, therefore, it was adopted as a standard medium offering nearly optimal food conditions to both adults and larvn. By changing the amount of yeast in this medium, different well-defined nutritional levels can easily be obtained. A 2 per cent, medium was chosen as a suboptimal level. Small vials, 2'2-23 cm. in inside diameter, 9 cm. in height and filled with about 6 ml. of medium, were used. All cultures, both experimental and parental, were kept in an incubator in which the temperature was maintained at 25°±o'2° C. Relative humidity was almost always in the range of 55-65 per cent, throughout the course of these experiments.
Measurement of the components of the innate capacity for increase (a) Hatchability.-The viability of the immature stages was measured in three steps: the hatchability (percentage of eggs hatched); larval viability (percentage of first instar larvle surviving to pupate); and pupal viability (percentage of pup giving rise to adults). The latter two stages were usually combined as "pre-adult viability ". This method makes it possible to control the larval density and to obtain information about the distribution of viabilities in the three pre-adult stages.
For the hatchability tests a group of parent flies was put into a large sterilised vial with a paper spoon with a definite amount of the yeast medium, 8 per cent, or per cent. To make the eggs more conspicuous, charcoal was added to the medium. After two hours the parent flies were removed, and the eggs counted. Only spoons i'i with 50 to 150 eggs were utilised, put back into vials and kept in an incubator. To protect the medium from desiccation, all vials were placed in a box containing a wet paper towel and wrapped in plastic. After two days the larv and the medium were washed out with water into a glass dish, and the larv were picked up one by one to determine the number of eggs which hatched. The hatchability is given as the ratio of larv to eggs.
(b) Viability and the duration of the development in pre-adult stages.-The same flies used in the hatchability tests were used as parents. Techniques to measure the larval and pupal viabilities and development time are described in Ohba (i g6 r). A group of flies was put into a fresh vial with 2 per cent, medium and allowed to oviposit for four hours. Thirty-two to thirty-six hours after oviposition, first instar larvn were washed from the surface of the medium with 70 per cent. alcohol, into a glass dish.
They were picked up within so minutes to avoid the harmful effect of alcohol.
Forty larvse were put in a vial with 8 per cent, or 2 per cent, medium, at a density of so larvu per cm.2 of medium surface. This density is close to the maximal in the optimal range of viabilities, development time and body size on the 8 per cent. medium (Ohba, in preparation) . The number and sex of the flies which emerged were recorded every day at midpoint of the ovipositing period. Finally, the number of unhatched pupu was examined. Usually 25 but sometimes 30 replicate vials were set up for each population at the two levels of medium.
(c) Longevity of the adults.-The flies emerging from the cultures in the survival experiments were used for longevity measurements. Ten pairs of flies o-6 hours old were placed in a vial with medium, 8 per cent. for flies grown in the 8 per cent. medium and 2 per cent. for those from the 2 per cent, medium. The vials were kept horizontally to avoid accidental death of flies on the medium surface. Each day dead males and females were recorded and removed. The surviving flies were transferred to new vials every two (8 per cent, medium) or three (2 per cent, medium) days.
All longevity tests were performed concurrently, with so replicates for each population at the two medium levels.
(d) Fecundity.-Lifetime egg-laying schedules were determined for flies from the same source as those used in the longevity experiments. Five females and eight males were put into a large sterilised vial with a spoon like that in the hatchability tests. Every possible precaution was taken to minimise environmental fluctuations, since fecundity is extremely sensitive to various environmental factors. The flies were transferred daily to new vials. Fecundity measurements on all populations started at the same time, with six (8 per cent, medium) or five (2 per cent, medium) replicates. The maximum oviposition period was 90 days, and the grand total number of eggs counted was 269,260.
(e) Body size.--Although body size is not a component of the innate capacity for increase, it was examined for relationships between the body size and fecundity or longevity. Forty females and forty males were taken at random from the same group of flies as those examined for longevity and fecundity. Their wing length, measured as the length of the third longitudinal vein from the outer margin on the anterior crossvein to the tip of the wing, was measured as described in Anderson (1966) .
Estimation of the innate capacity for increase (rm)
The calculation of r basing upon Lotka's formula Jelmzdx= 1 has been discussed in Birch (1948) , Birch, Dobzhansky, Elliott and Lewontin (1963) and Dobzhansky, Lewonti and Pavlovsky (1964) . The formula used to calculate ri,, in this study was:
ha e lm= i where h = proportion of eggs hatched; a' = proportion of first instar larvm surviving to adults;
= maximum adult life span; x = age of an adult (in days); F= mean length in days from egg to emerging of adult flies; l,, = probability of survival of adults from emergence to age x; m =one-half the number of eggs laid by a female of age x; Tm = innate capacity for increase. This formula is the same as used by Dobzhansky, Lewontin and Pavlovsky (1964), except for the separation of a (proportion of eggs surviving to adults) into two components, h and a'. Newton's method of iteration was used to yield a solution; the means and variances of rm were calculated by a digital computer from all possible combinations of each component. To reduce the amount of calculation, however, the number of replicates of some components was reduced as shown in table I by grouping two (in l) or five (in a and F) replicate vials into one. Calculation of Tm by computer was done at the University of Chicago by Professor R. C. Lewontin.
TABLE i
The number of replicates used to calculate the means and variances of the innate capacity for increase, rm 8 per cent. u per cent. The percentage of the eggs hatched, was fairly uniform in all populations on both media (table 2). Analysis of variance made on The data is summarised in table 3. Analysis of variance on total pre-adult viability transformed to arc sin i/per cent, viability (table 4)   TABLE 3 Larval, pupal and total pre-adult viabilities (percentage) on the two media shows statistically significant differences between media and populations (P< ooo5), but no significant interaction between populations and media. Separate analyses on larval, pupal and total viabilities reveal no significant difference between populations on the 8 per cent.
medium. This means that under optimal food conditions the larval and pupal viabilities, as well as the total viability, were quite similar among the six populations, without regard to either chromosomal composition or geographic origin. Under the suboptimal condition shows clear main effects of both medium and of sex, but no significant effect of population nor any interaction including population (table 6). clear that mean longevities, 48-59 days on the 8 per cent, medium and 55-85 days on the 2 per cent, medium, are greater than any previously determined value at 25° C., while the variabilities are smaller and more constant (Vetukhiv, 1957; Tantawy and Vetukhiv, 1960; Dobzhansky, Lewontin and Pavlovsky, 1964) . Flies kept on suboptimal medium survived even longer than those on the optimal medium, and mean longevity in males was greater than in females. Analysis of variance showed quite significant effects of medium, population and sex, and also significant interactions between population and medium and between sex and medium. Although these differences are interesting, they have little bearing on estimating the values of rm, since only a few flies die during the first 20 days of the adult life. This initial period makes the greatest contribution to the capacity for increase. The data on the longevities under different food conditions will be discussed in a separate paper; the relationships of longevity to body size, as well as the cytoplasmic influences on longevity, will be referred to in the next section together with the similar problem of fecundity. effects for these two factors (table 9). The source of the differences between the populations are chiefly the low fecundities in the two populations of Mather origin. On the 8 per cent, medium their lifetime fecundities were about half or two-thirds those of the four populations of Pinon Flat origin, and from two-thirds to three-fourths those on the 2 per cent, medium. The range of the lifetime egg production in Pinon Flat populations (1320-1541 on the 8 per cent. medium) is the highest one ever recorded for this species at 25° C. (Vetukhiv, 1957; Tantawy and Vetukhiv, 1960; Dobzhansky, Lewontin and Pavlovsky, 1964) . Comparing lifetime fecundity on the two media, different responses to decreases of the yeast concentration were found among the popula- be more homeostatic against changes in food conditions. As a result of these different responses among populations, the following orders of lifetime fecundity were observed:
AR/CH>CH/AR>AR>CH>234>229 (2 per cent. medium)
Since the fecundity is phenotypically correlated with the female body size (Robertson, 1957; Tantawy and Vetukhiv, 1960) , it is interesting to examine the differences in body size among the populations. As estimated from the wing length (table 8) , the flies in the two highly polymorphic populations of Mather origin are smaller than those in the four populations (two monomorphic and two polymorphic) from Pinon Flat strains. Among the populations of Pinon Flat origin, the flies in the monomorphic AR are significantly larger than in the monomorphic CH population, but slightly smaller than the two polymorphic populations. There is no difference attributable to the different media. Correlation coefficients between mean wing length and mean lifetime fecundity or the mean female longevity (table xo) are significant on the suboptimal 2 per cent, medium but not on the 8 per cent, medium. The correlation between wing size and lifetime fecundity on the 8 per cent, medium was, however, close to the 5 per cent. level of significance.
For both fecundity (table 8 and fig. i ) and longevity (table 7) , consistent differences were found between the two polymorphic populations whose chromosomal constitutions should be identical. In all cases, the AR/CH population which as the cytoplasm of the AR strains showed significantly higher fecundity and longevity than did the OH/AR population with the CU-strain cytoplasm. From the viewpoint of the estimation of Tm, the schedule of oviposition at different ages is more important than the total lifetime egg production, because the eggs laid in early days of adult life make most significant contributions to the capacity for increase. The egg-laying curves shown in fig. 2 are not smooth, because of the extensive fluctuations in daily number of eggs for each vial. This makes it difficult to find differences among the populations. However, analysis of the number of eggs laid during the first io days of the adult life (table 8) reveals some interesting differences. On the 8 per cent, medium the order of the first 10 days fecundity is almost the same as that of lifetime fecundity, except for a low fecundity in the CH population. Comparing the three different groups of populations (monomorphic, polymorphic and those of Mather origin), the following order was found:
Polymorphic (AR/CU and OH/AR) > monomorphic (AR and OH) >Mather (229 and 234). On the 2 per cent. medium the differences between the groups were more pronounced and the order changed:
Mather > polymorphic > monomorphic.
It is evident that, at least on the suboptimal 2 per cent. medium, the more polymorphic the population, the more eggs are laid in the first i o days of adult life. The egg-laying schedules of the populations respond differently to the same changes in the medium conditions. It is important that there is no fixed relationship between the lifetime fecundity and the fecundity in the first io days.
(vi) The innate capacity for increase
The mean values of rm, with their variances, standard errors and coefficients of variation, are given in table i . The values of Tm Ofl the 8 per cent. medium (o.256-o'275) are definitely larger than those obtained in the experiments of Dobzhansky, Lewontin and Pavlovsky (1964) . The values on 2 per cent, medium (0.153-0.165) are, however, smaller than those of the latter authors. To visualise the meaning of these differences in the value of Tm, the finite rate of increase (A = antilogs Tm), which means the multiplication of females per day, and the rate of multiplication per female in 20 days (A20) are presented in fig. for the data from three different experiments on Drosophila. It i8o SHIGERU OHBA can be seen that small differences in could produce enormous differences in the actual number of flies in rather short periods of time. Although analysis of variance on rm has shown significant differences between populations on both media (table 12), these differences are too small and inconsistent in direction to make it possible to infer a relationship between the capacity for increase and the chromosomal 
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Constitution of a population. However, it may be noted that the variability of Tm shows parallel systematic changes on both the 8 per cent, and the 2 per cent, media. Variances and coefficients of variation The number of degrees of freedom being small (s), a statistically significant positive correlation (P< o'oi) is obtained only for the early fecundity on the 8 per cent, medium. Differences in pre-adult viability and in development time on this medium are very small. On the suboptimal medium, both the early fecundity and the pre-adult viability may be important. Adult longevity and lifetime fecundity are with an appreciably more rapid development (Birch, Dobzhansky, Elliott and Lewontin, 1963) . The 2 per cent, medium gives, as expected, much lower estimates of Tm, although as will be shown in another publication, this medium is only suboptimal and in more stringent conditions, such as a i per cent. yeast medium, still lower values may be expected. The range Of Tm values which can be realised with different food conditions is probably wider than that with different temperatures within a tolerable range. While Dobzhansky, Lewontin and Pavlovsky (1964) found higher Tm values in chromosomally polymorphic than in chromosomally monomorphic populations, this is not apparent in the present experiments. It may well be that the fitness advantages of polymorphism are removed under optimal conditions, thus making poly-and monomorphic populations equivalent. The suboptimal medium used in our experiments (2 per cent, yeast) is very different from that used by the authors mentioned above. More data on the influence of different kinds of food media on chromosomal polymorphism in experimental populations is desirable. It is interesting that apparently significant differences exist between the populations for lifetime fecundity and for fecundity during the first io days of adult life, and that these differences are not the same on the 8 per cent. and on the 2 per cent. food media (table 8).
5. SUMMARY i. The different components which contribute to the innate capacity for increase (Tm) were studied in a series of chromosomally polymorphic and monomorphic populations of Drosophila pseudoobscura.
2. Efforts were made to obtain optimal and suboptimal conditions for these populations; in this respect the experiments here described differ from those of Dobzhansky, Lewontin and Pavlovsky (1964) in which stringent conditions were deliberately imposed.
3. At optimal conditions very high Tm values were observed. 4. Chromosomally polymorphic and monomorphic populations did not differ significantly under either optimal or suboptimal conditions.
